The volatile composition of Abies alba Mill. seeds and cone scales has been studied, leading to the determination of 90 volatile constituents. The major component of the seed essential oil was (-)-limonene (about 70%), while that of the cone scale oil was α-pinene (57%). Monoterpene hydrocarbons were predominant in both oils, but the quantitative and qualitative composition of the volatile compounds was specific for each part of the tree.
The yield of oil isolated from seeds collected in south Poland was 7.4% and that from central Poland 14.3%. The higher yield was probably because the seeds from central Poland were ripe, and hand-picked immediately after falling, whereas those from south Poland were collected just before disintegration of the cones. The yield of other Abies species seed oils was also high (5.3% -A. marocana [6] , and 6.0% -A. nordmanniana [7] ). The yield of essential oil from silver fir cone scales was, however, several times lower (0.75%).
The chemical compositions of the hydrodistilled seed and cone oils were evaluated by chromatographic methods and are reported in Table 1 . In order to carry out detailed analysis, the oil from fir seeds was repeatedly fractionated by flash chromatography. Chosen fractions were additionally analyzed by NMR spectroscopy.
The qualitative and quantitative composition of the seed oils collected from the two different parts of Poland was very similar, but different from that of the cones. Both seed and cone oils were characterized by very high amounts of monoterpene hydrocarbons (88% of seed, 78% of cone). All compounds identified in the cones were also found in the seeds, but the cone oil contained fifty times more oxygenated monoterpene hydrocarbons (almost 15%).
In total, more than 90 constituents were identified in the hydrodistilled oil of fir seeds and cones. The seed oil was characterized by a large amount of (-)-limonene (over 70%), but α-pinene, myrcene, and β-pinene were also identified in high amounts. The essential oils from both A. marocana and A. nordmanniana seeds also contain (-)-limonene at the same, very high level (70%) [6, 7] . Among the volatiles from A. alba cone scales, the main component was α-pinene, representing nearly 60% of the oil. The other major components were limonene and β-pinene, as previously cited [5] , but also many other compounds new for fir cones were detected, such as verbenone (6%), trans-pinocarveol (3%) and borneol (1%). The essential oils from A. alba seeds and cones also contained numerous sesquiterpenes, present in minor quantities (Table 1) . However, many more were identified in the seed oil. The predominant ones were α-guaiene, γ-and δ-cadinene, (E)-β-caryophyllene, α-cubebene and α-humulene, which has antitumor activity [8] . Diterpenes were identified in trace amounts only in the seed oil.
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In summary, the seeds of A. alba constitute a rich source of essential oil that has a refreshing, resinous odor with a pleasant forest note that makes the oil potentially interesting for the perfume industry. The large amount of (-)-limonene present in the seed oil makes it a valuable source of this monoterpene hydrocarbon.
Experimental
Plant material: From one, about 80-year old specimen of Abies alba, growing in the south-east part of Poland (Bieszczady mountain), 10 cone-bearing branches were collected. At the same time, the fallen ripe seeds from one, about 50-year old specimen, silver fir tree growing in central Poland (Łódź) were hand-picked from the ground. Seeds and cones were collected in August 2007. The samples were stored in tight plastic bags in a freezer (-24°C) until needed. The voucher specimen was deposited in the Institute of General Food Chemistry, Lodz, Poland. Before hydrodistillation the seeds were separated from cones and the plant material was either sliced (seeds) or cut into small pieces (cone scales). 1 H NMR (250 MHz) spectra were recorded with a Bruker DPX 250 Avance spectrometer in CDCl 3 , with TMS as internal standard.
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